Morphological and electrical properties of composite films were studied and compared by a computer experiment. Voronoi tessellation was used for morphological characterization of the structures. The tunnel effect was the basic mechanism in electrical simulations performed.
Introduction
Composite materials belong to interesting materials studied and used because of their outstanding mechanical, optical, electrical properties etc. These structures can be prepared by many methods (e.g. thermal evaporation, ion-beam sputter deposition, laser deposition and above all by plasma deposition techniques [1] ) that influence their properties. The properties of composite films containing metal particles depend on the metal volume fraction in structure. One of the most important properties of composite films is their electrical conductivity [2] , especially interesting near the percolation threshold.
The aim of morphological analysis is to describe both spatial and size distribution of objects in the film. The possible input for these analyses can be either projections or planar sections of composite structures, obtained from TEM. Electrical properties of these films can be additional information for the reconstruction of three-dimensional (3D) structure from two-
Correlation between morphological and electrical properties of composite films were studied by computer experiment. For this purpose a self-made simulator tool was prepared in our laboratories.
Computer experiment
The computer experiment consists of (i) generation of composite structures, (ii) morphological and (iii) transport analyses. Composite structures were simulated using the hard-sphere technique [3] . Spherical objects are randomly generated in the working area with 2D analogies of 3D structures were also prepared and studied. They have analogical parameters ff and D rel as 3D structures and are described in [3] as well. The reasons for dealing with them were the easier visualization of the results and algorithms and methods development. These 2D analogies we used for the study of the transport properties of composite structures and the technique used is explained in [3] .
Morphological properties
We have used the 3D model structures for study of morphological properties of composite films. We studied the possibility how to get information about 3D structure from 2D information only by the help of planar sections. The sections allow us to acquire information about the composite structure in accordance with real conditions. However, the standard methods of mathematical morphology lose their applicability in case of high ff. We have tested the strength of morphological method called Voronoi tessellation (VT) [4] - [6] in this contribution.
We made several random planar sections for each studied composite configuration.
Then we applied the VT method to the image and analysed the distribution of distances between neighbours (from nearby polygons and given polygon). For this reason we calculated the variance of these distribution for these two structures with varying D rel (see Fig. 2 ). It can be seen that the variance is clearly decreasing with increasing degree of structure arrangement for both structures.
Transport properties
The composite film conductance is strongly influenced by the morphological properties and is interesting from the standpoint of percolation theory [7] . Structures above the percolation threshold can be morphologically described by common terms of percolation theory. However, these terms change their meaning for structures below the percolation threshold. Tunnel transport dominates in the charge transfer and the amount of electrically connected objects in such a way is much larger than in case of ohmic conductivity only. It results in creation of so-called 'fuzzy' clusters (see Fig. 3 and 4) . We have analysed these clusters with a view to describe their complexity in connection with morphological properties of the structure. We studied structures with different arrangement of objects. Figs. 3 and 4 show results for partially and maximally arranged structures (D rel = 0.5 and 1). Upper part of the figure shows the 'fuzzy' cluster and lower part it's possible analysis -the backbone (smallest possible conductive connection before disrupting -black lines), critical bond [8] (the weakest connection in the backbone -light grey line) and dark grey lines show connections appeared after 50% current increase.
Concerning the accuracy of transport results we have to take into account a noise caused by finite value of elementary charge and large capacitance of small objects in the structure.
We reached 0.1 -1 % accuracy of results in very time consuming Monte Carlo simulations.
Discussion
We found a close connection between transport and morphological properties of the composite films in our results. Fig. 2 shows that one can distinguish between differently arranged structure by the help of the variance of distribution of distances between objects from nearby VT polygons. It makes the VT method very strong tool for reconstruction of the composite film structure from 2D information.
When we study the differences between the 'fuzzy' clusters of two differently arranged composite structures (Fig. 3 and 4) we can claim that for the more arranged structure the number of current paths increases and the current paths become shorter and better arranged.
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The performed computer experiment performed seems to be a possible method to come to these conclusions that can hardly be made by another way. 
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